Objectives: The aim of this study is to determine the relationship between exercises with the serum FGF21 levels and glucose and lipid metabolisms in menopause women with type II diabetic.
INTRODUCTION
Fibroblast growth factor 21 (FGF21) is an endocrine hormone that belongs to the FGF family and is mainly expressed in the liver and also in adipocytes and the pancreas (15) . Recently studies have shown that this protein involved in metabolic regulations especially glucose uptake, stimulation of gluconeogenesis, activation of free fatty acid (FFA) oxidation, lipolysis, ketogenesis and energy balance through PPARα actions (2) . Some studies on animal models demonstrated that fasting leads to increased expression of FGF21 in the liver and stimulates gluconeogenesis, fatty acid oxidation and ketogenesis (2) . But in the fed state, it acts as an autocrine hormone in adipocytes, regulating the activity of PPAR-γ through a feed-forward loop mechanism (19) . FGF21 seems to be a potential therapeutic way for the treatment of type 2 diabetes because pharmacologic studies on animal models have shown that FGF21 administration leads to significant decrease in fasting blood glucose, insulin and triacylglycerol (TG) levels (15) .
Administration of recombinant FGF21 has been also shown to modulate insulin resistance, blood glucose, lipid profile and body mass index (BMI) in obese mice and diabetic monkeys (2, (9) (10) (11) (12) 22) . Therefore, regarding the pervious findings FGF21 can be considered as a therapeutic agent for obesity-related medical conditions. However, in humans its functions are still not clear under physiological conditions. In some clinical studies, a positive correlation between FGF21 plasma levels and several parameters of obesity such as BMI and fat percentage has been shown (15, 20) . Some investigators have also reported high circulating FGF21 levels in fat human which is associated with cardiometabolic disorders including the metabolic syndrome, type 2 diabetes, non-alcoholic fatty liver disease and coronary artery disease (19) .
Type II diabetes mellitus causes metabolic changes that may lead to early menopause and worsen climacteric symptoms (3, 6, 13) . It seems that exercise is critical for prevention and treatment of metabolic disorders such as obesity, type II diabetes and atherosclerosis in early menopause. We hypothesized it is may be mediated by FGF21 levels. Interestingly, it has been recently shown that increased serum FGF21 level is related to regular physical activity in healthy humans (5, 14) . However, it is not well-known that whether acute or resistance exercise affects FGF21 expression. Furthermore, the molecular mechanisms by which exercise leads to FGF21 induction have not be elucidated. Therefore, in this study we aimed for the first time to investigate the effects of an eight weeks regular aerobic and resistance exercise on serum FGF21 levels and then on glucose and lipid metabolisms in menopausal women with type II diabetes mellitus.
METHODS

Human populations
Between April 2014 and December 2014 a total of 42 menopause women with type II diabetic mellitus aged 40-57 years old and without any contraindication for exercising, were included in this study. This study was conducted in accordance with the Helsinki declaration. Participants had no history of smoking, alcohol consumption, vigorous physical activity and other chronic diseases such as cancer, chronic kidney, failure, nonalcoholic steatohepatitis, and autoimmune disorders. The Human Biomedical Research Institutional Committee of Islamic Azad University of Sari approved the study protocols, and written informed consent was obtained from all participants. The mean of demographic characteristics of all participants are shown in Table 1 .
After preliminary considerations of patient's demographic characters and sample selection, subjects were divided randomly into three groups including control, aerobic and resistance exercises groups. The levels of serum glucose, LDL-C, HDL-C, insulin, TG and cholesterol as well as insulin resistance were measured during the day of one and after 8 weeks exercises.
Exercises protocols
The aerobic and resistance exercises test was carried out according to the pervious standard methods (18, 25) . Before procedures, our experimental team invited participants in a class, and randomly assigned the subjects to one of three groups an aerobic exercise group (n=14), a resistance exercise group (n=14) and a control group (n=14). Then we trained participants in each group regarding the process of each exercise, time of exercise, and all necessary activities.
After the subjects became familiar with the procedure of exercises, each group performed the corresponding exercise therapy program for the 8 weeks.
The training program for aerobic exercise was performed during 8 weeks, 3 sessions each week. The intense of the training program proceeded form 45% to 50% (in the first 2 weeks), 50% to 55% (in the second 2 weeks), 55% to 60% (in the third 2 weeks) and 60% to 65% of maximum heart rate (in the last 2 weeks). All training programs included the warm up and cooldown processes from 10 to 15 minutes. The intense training program was controlled and regulated, using a polar. All subjects performed a warm up (20 
Biochemical and anthropometric measurements
Blood samples were collected after a 12-hour over-night fast and then centrifuged at 3000 × g at 4°C for 15 minutes. The serum and plasma were collected and stored immediately at -80°C until future analysis. All measurements were performed with commercially available standardized methods. The concentrations of serum total cholesterol (Total-C), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), triglyceride (TG), and glucose were measured using enzymatic assay.
The concentrations were determined using commercially available kits purchased from Pars Azmon Company, including Cholesterol (1 500 010), Glucose (1 500 017), HDL-C (1 050 012), LDL-C (1 050 023), TG (1 500 032) kits. All measurements were determined according to the manufacturer's instructions. The serum FGF21 concentration was determined using a commercially available ELISA kit (FGF21/UNQ3115/PRO10196, Cusabio, China) according to the manufacturer's instructions. The detectable range of the assay and its sensitivity were 15.6 to 1000pg/ml and 3.9pg/ml, respectively. Anthropometric measurements were carried out after participants removed their shoes and upper garments. Body weight was quantified with a balance. Height was also obtained using the floor scales stadiometer, again with the patient standing on the central part of the scale.
Height was measured to the nearest 0.5 cm. BMI was calculated as weight (kg) divided by height (m 2 ).
Statistical analysis
All statistical analyses were performed using SPSS version 19.0 (SPSS, Inc., Chicago, IL, US).
The Kolmogorov-Smirnov test was performed to assess the normality of data distribution. The data were expressed as means and standard deviation (± SD 
RESULTS
Patient profile and information on some demographic characteristics are summarized in Table 2 .
The mean age of all participated patients was 51.42±4.43 years. The mean of systolic and diastolic blood pressure, weight, high and body mass index (BMI) were calculated in each patient at specified intervals of time and compared. There is no significant difference regarding the basic information of participated patients between all groups.
Effect of exercises on the serum FGF21 level
The mean of FGF21 levels during the pre-and post-examinations in all three groups is shown in Table- 
Effect of exercises on blood metabolic parameters
The mean of some metabolite factors levels during the pre and post-examinations in all three groups is demonstrated in Table- 4. Our findings showed that there is a significant difference regarding the mean of all studied metabolite levels from pre-examination to post-examination in the both exercised groups, but these differences were not significant in control group. The mean of glucose was decreased significantly after exercise in the both aerobic (p=0.002) and resistance exercise (p=0.001) groups. The mean of insulin level declined from 9.28±2.03 μg/ml to 7.74±1.05 μg/ml in aerobic exercise group (p=0.001) and from 9.13±1.85 μg/ml to 7.67±1.39 μg/ml in resistance exercise group (p=0.001). Besides that, a significant decline had been found for insulin tolerate in the both aerobic (p=0.001) and resistance (p=0.003) groups after exercise.
Lipid metabolic factors were also compared between all groups during the pre-and postexaminations. Mean level of HDL-C was also increased significantly in the both exercised groups, but the mean of LDL-C, Cholesterol and Triglyceride concentrations was declined significantly in the both exercised groups (p<0.001). We didn't find a significant difference between two exercised groups during the pre-and post-examinations, but a significant difference was found between the mean of measured parameters between control and exercised groups.
Linear regression and the Pearson correlation tests have shown a negative and significant correlation between serum FGF21 concentrations and total cholesterol levels ( Fig. 1 ; p=0.001; r=0.423). However, we didn't found a significant correlation between FGF21 with the other serum biochemical parameters.
DISCUSSION
FGF21 plays a critical role in carbohydrate and lipid metabolisms and as the result in energy balance (16) . It induces the process of lipolysis in adipose tissue, as well as fatty acid oxidation and ketogenesis in liver (17, 21, 29) . However, its physiological functions in human subjects are not well-known. More recently studies have shown that FGF21 levels are associated with the amount of physical activities but the mechanism is not well-clear. Similar to starvation state, exercise also induces the process of lipolysis in adipose tissue, and subsequently FFAs in serum which are utilized as a major fuel for ATP production in peripheral tissues such as skeletal muscle and the liver (17) .
It has been recently reported that serum FGF21 level is increased after two weeks of exercise (5) . However, the relationship between aerobic and resistance exercises with FGF21 levels in menopausal women with type II diabetes mellitus has not been considered. In this study, we evaluated the effects of aerobic and resistance exercises on FGF21 levels as well as carbohydrate and lipid metabolism in menopausal women with type II diabetes mellitus. We identified a direct relationship between daily physical activities with carbohydrates and lipid metabolisms as well as serum FGF21 levels. Our findings showed that physical trainings either as aerobic or resistance exercises, improve the lipid and glucose metabolism in studied subjects.
Both aerobic and resistance exercises significantly decreased the mean of serum glucose, insulin, LDL-C, total cholesterol and TG after 8 weeks trainings. On the other hand, the mean of HDL-C has been increased significantly in training groups.
Furthermore, insulin resistance was decreased significantly in trained subjects, suggesting the positive effects of aerobic and resistance exercises on carbohydrate and lipid metabolisms in menopausal women with type II diabetes mellitus. In addition to metabolic factors, we considered the mean of serum FGF21 level after trainings in all subjects. Our results demonstrated that the mean of serum FGF21 levels was increased significantly after 8 weeks trainings in the both exercised groups. Therefore, we observed that both aerobic and resistance exercises increase the mean of serum FGF21 levels in studied patients. In addition, we demonstrated a significant correlation between increased FGF21 levels and declined total cholesterol value after exercises. Previous studies have also reported FGF21 is related to cholesterol metabolism, but in some abnormalities this association is lacking (17) . Another potential finding for this study was related to the decreased insulin response observed after exercises. Insulin inhibits lipolysis and blocks the main mechanism by which exercise stimulates FGF21 secretion (1, 26) .
Our results were consistent with other studies (28) . In a study by Yang et al., 2011, they reported that a three-month combined exercise program decreases the serum FGF21 levels as well as arterial stiffness in obese Korean women (28) . They also showed that BMI, waist circumference, SBP, diastolic blood pressure and triglyceride levels were significantly decreased after the exercise program. Similarly, our results are in accordance with other findings that have found positive association between exercises and serum FGF21 levels (4, 5, 7, 8, 24, 27) .
Ramose et al., (2012) observed that serum FGF21 levels significantly increased after two weeks of physical activity in women. This increment correlated positively with clinical parameters related to the adrenergic and lipolytic response to exercise (5).
Another study by Kim et al., 2013, reported that serum FGF21 level is increased in mice after a single bout of acute exercise and that this is accompanied by increased serum levels of free fatty acid, glycerol and ketone body. They also observed that FGF21 gene expression was induced in the liver but not in skeletal muscle and white adipose tissue of mice after acute exercise, and further, the gene expression levels of hepatic peroxisome proliferator-activated receptor α (PPAR α) and activating transcription factor 4 (ATF4) were also increased. They proposed that FGF21 may also be associated with exercise-induced lipolysis in addition to increased catecholamines and reduced insulin (14) .
It appears, aerobic and resistance exercises improve glucose disposal by increasing insulin action and by activating the AMPK pathways, causing GLUT4 translocation to the muscle cell surface and glucose uptake in subjects (23) . Therefore, the FGF21 response to exercise could be involved in the beneficial effects of increased physical activity in lipids, cholesterol and carbohydrate utilization, in menopausal women with type II diabetes mellitusconclusion, FGF21 seems to be an excellent therapeutic molecule for treatment of type II diabetes and obesity in menopausal women with type II diabetes mellitus. In the present study, we showed that aerobic and resistance exercises lead to the systemic increase of serum FGF21 levels as well as decreased of insulin resistance in menopausal women with type II diabetes mellitus. We speculate that increased FGF21 mediates some of the beneficial effects of aerobic and resistance exercises on glucose and lipid metabolism in menopausal women with type II diabetes mellitus. However, some limitations of our study should be recognized. Firstly, we couldn't provide a large number of participants for this study. In addition, the results may not be applicable to men. Finally, we did not register the caloric consumption during the study.
However, no major changes in BMI and body composition were observed. Therefore, further study with a larger group of participants is necessary to evaluate the physiological role of FGF21 on aerobic and resistance exercise-induced changes in glucose and lipid metabolism.
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